Background: Patients with brain injury are at high risk of extubation failure. Methods: We conducted a prospective observational cohort study in four intensive care units of three university hospitals. The aim of the study was to create a score that could predict extubation success in patients with brain injury. Results: A total of 437 consecutive patients with brain injury were included, and 338 patients (77.3%) displayed successful extubation. In the multivariate analysis, four features were associated with success the day of extubation: age less than 40 yr, visual pursuit, swallowing attempts, and a Glasgow coma score greater than 10. In the score, each item counted as one. A score of 3 or greater was associated with 90% extubation success. The area under the receiver-operator curve was 0.75 (95% CI, 0.69 to 0.81). After internal validation by bootstrap, the area under the receiver-operator curve was 0.73 (95% CI, 0.68 to 0.79). Extubation success was significantly associated with shorter duration of mechanical ventilation (11 [95% CI, 5 to 17 days] vs. 22 days [95% CI, 13 to 29 days]; P < 0.0001), shorter intensive care unit length of stay (15 [95% CI, 9 to 23 days] vs. 27 days [95% CI, 21 to 36 days]; P < 0.0001), and lower in-intensive care unit mortality (4 [1.2%] vs. 11 [11.1%]; P < 0.0001). Conclusions: Our score exploring both airway functions and neurologic status may increase the probability of successful extubation in patients with severe brain injury.
P
ROLONGED mechanical ventilation (MV) is common in patients with severe brain injury (BI), and improvement in the outcome of patients with mechanically ventilated BI could have major medical and economic implications. 1 The extubation decision process is challenging in patients with severe BI because both extubation failure and delayed extubation are common in this population, increasing morbidity and mortality. In particular, delayed extubation leads to ventilator-associated pneumonia (VAP) without decreasing the risk of extubation failure. 2 The prevention of delayed extubation is therefore one of the most promising intervention targets for improving outcome. No recommendation exists for extubation in patients with BI because these patients are excluded from the current guidelines. 3 The usual predictors of successful extubation when patients had passed a spontaneous breathing trial (SBT) do not apply because the ability to protect the airway and the neurologic status are both impaired.
In daily practice, extubation is usually left to the discretion of the physician; we therefore prospectively assessed the relationship between simple clinical variables and extubation success. Our specific aim was to develop a clinical score predicting successful extubation in patients with BI as the rate of VAP increases greatly when extubation is delayed. 1, 4 We also compared the outcomes of patients with success or failure of the extubation process. Primary results of the study
What We Already Know about This Topic
• In severely head-injured patients subjected to prolonged mechanical lung ventilation, successful spontaneous breathing trials do not allow for prediction of successful extubation given that the ability to protect the airway and neurologic status are impaired • In a prospective observational study, the authors evaluated the use of the VISAGE score (visual pursuit, swallowing, age, and Glasgow for extubation) in the prediction of successful extubation
What This Article Tells Us That Is New
• In patients who met at least three of the four VISAGE criteria (visual pursuit, swallowing, age, and Glasgow for extubation), successful extubation was achieved in the majority of patients with severe brain injury • The VISAGE score, which can be readily applied at the bedside, has the potential to predict successful extubation, permit earlier extubation, and reduce complications associated with prolonged mechanical ventilation
Materials and Methods

Study Population and Setting
The study was performed in four surgical intensive care units (ICUs) of three university hospitals from January 2011 to June 2014. 5 The study protocol was approved by the local ethics committee of Nantes (Groupe Nantais d'Ethique dans le Domaine de la Santé, Nantes, France). Because the study was purely observational, consent was waived. Written information was delivered to the patient's next of kin and to the patient when neurologic recovery was deemed appropriate.
Inclusion
Adult patients (older than 18 yr) with primary BI such as traumatic brain injury (TBI), aneurysmal subarachnoid hemorrhage (SAH), intracerebral hemorrhage, malignant stroke, central nervous system infection, and brain tumor; with an initial Glasgow coma score (GCS) of 12 or less; and whose duration of MV was 48 h or more, were eligible. Consecutive patients undergoing scheduled or unplanned extubation were included.
Noninclusion Criteria
Patients were not included when extubation was performed in the context of critical care withdrawal, pregnancy, or spine cord injury above T4.
General ICU Management
Neuro-ICU management was carried out according to international guidelines. [6] [7] [8] Sedation was administered in patients with BI to control intracranial pressure (when available), oxygenation, and capnia, and to prevent aspiration. 9 Initial sedation was performed with midazolam, and thiopental was used only in the case of refractory intracranial hypertension. 1, 10, 11 Daily interruption of sedation was not performed in the participating ICUs. 12 After initial neuro-ICU management and after brain computed tomography scan control, continuous sedation was stopped. In participating ICUs, enteral nutrition was started in the first 48 h after admission, with an objective of 20 to 30 kcal · kg -1 · day -1 13 in the first 5 days; residual gastric volume evaluation was not performed; and vomiting episodes were treated with metoclopramide for 48 to 72 h. Postextubation stridor prevention was left to the discretion of the physician.
Weaning Protocol
Participating ICUs used and followed weaning protocols described in the international guidelines. 3 All of the patients were checked daily, at least once, by the attending physician according to predefined weaning criteria: (1) motor component of the GCS 4 or higher without continuous sedation; (2) stable cardiovascular status (heart rate 140 beats/min or less, systolic blood pressure 90 to 160 mmHg, and minimal or absence of catecholamine; (3) adequate oxygenation (oxygen saturation measured by pulse oximetry [SpO 2 ] 90% or higher, fractional inspired oxygen tension of 40% or lower, positive end-expiratory pressure of 8 cm H 2 O or lower, respiratory rate of 35 breaths/min or less); (4) PaCO 2 of 50 mmHg or lower; (5) core temperature less than 38.5°C; and (6) pH of 7.35 or higher. SBT was systematically performed in all of the patients included, and because the latest conference of consensus did not clearly recommend one method over the other, the physician could either perform a 30-min T-tube trial or ventilatory support level less than or equal to 7 to 8 cm H 2 O. 3 Maximal inspiratory pressure, maximal expiratory pressures, and maximal expiratory flow were not routine in participating centers. Failure of the weaning test was defined as the development within 30 min of any of the following criteria: respiratory rate of 35 breaths/min or higher with increased accessory muscle activity, SpO 2 less than 90% (on fractional inspired oxygen tension = 0.4), heart rate greater than 140 beats/min, systolic blood pressure less than 90 mmHg or greater than 180 mmHg, major dyspnea or agitation, or GCS of 8 or less. 3, 8 All of the patients included underwent successful SBT.
Extubation Protocol
One hour before extubation, a standardized physical examination with 26 items was performed by the attending physician (Supplemental Digital Content 1, items of the physical examination before extubation, http://links.lww.com/ALN/ B489). To build this standardized checklist, we selected variables based on our clinical expertise and from studies in the literature. Cuff-leak test performance was left to the discretion of the physician. The endotracheal tube was then removed in the presence of a physiotherapist. After extubation, oxygenation was optimized with oxygen masks to reach an SpO 2 greater than or equal to 94 to 95%. After extubation, prophylactic noninvasive ventilation and highflow oxygen nasal therapy were not performed. In case of an unplanned extubation, the standardized examination was carried out immediately after ensuring the patient's tolerance to extubation. In case of postextubation respiratory failure, physiotherapy was performed but not noninvasive ventilation because of the risk of aspiration in patients with variable levels of consciousness. Patients were reintubated if they met at least one of the following conditions: severe respiratory failure (respiratory rate more than 40 breaths/min and SpO 2 less than 90% despite oxygen supplementation), neurologic impairment (GCS of 8 or less), or hemodynamic failure (heart rate greater than 140 beats/min and systolic blood pressure of 80 mmHg or lower).
Primary Outcome Variable
The primary outcome variable was extubation success, after the first extubation attempt. The time interval used to define extubation failure remains a matter of debate (from 48 h to 7 days). Because noninvasive ventilation was not used in the postextubation period and could not delay reintubation, extubation failure was defined as the need for reintubation in the first 48 h after extubation. 3, 14 During the study period, tracheostomy was not performed during the first 7 days of the ICU course. Tracheostomy was considered after several days of sedation discontinuation with low blood dosages of sedatives, in the context of long-term impaired consciousness (GCS of 8 or less). These patients who never underwent extubation attempt and received late tracheostomy were a priori considered to have a neurologic cause of extubation failure. We performed two sensitivity analyses by excluding patients who underwent late tracheostomy and patients who failed extubation due to postextubation stridor. Extubation failure cause was recorded by the physician performing reintubation according to a list of predefined causes: neurologic failure, respiratory failure, postextubation stridor, or cardiovascular failure.
Secondary Outcome Variable
VAP, duration of MV, ICU length of stay, and in-ICU mortality were monitored. The causes for extubation failure were recorded and were a priori defined. The consequences of extubation failure were also evaluated. Patient follow-up ended on ICU discharge.
Statistical Analysis
Our primary analysis was to explore the factors associated with extubation success as stated in the primary outcome variable. Univariate analysis was conducted to determine the potential factors associated with extubation success. Variables identified by univariate analysis with a cutoff at 0.20 were included in a multivariate logistic regression model, and backward selection was applied. A Hosmer-Lemeshow test was used to test calibration of the model. The final model was presented with the crude odds ratio (OR) and 95% CI. The ability of the model to discriminate participants with or without extubation success was quantified by using the area under the receiver-operating characteristic curve (AUC). In the final regression analysis model, 12 variables were selected throughout the bivariate analysis; this is consistent with the number of events recorded (99 extubation failures). For continuous variables, the best threshold was chosen according to the best sensitivity, specificity, positive predictive value, negative predictive value, and Youden index. Power calculation is not available because the items studied have not been explored in the literature.
The internal validity of the regression model was assessed using bootstrapping techniques: random samples, with replacement, were taken 1,000 times from the study population. 15 The outcome was a correction factor for the AUC to correct for statistical overoptimism AUC.
The VISAGE score (visual pursuit, swallowing, age, Glasgow for extubation) based on the four factors identified was constructed to include patients under 40 yr of age, presence of visual pursuit, swallowing attempts, and GCS greater than 10. One point was attributed for each factor from the regression model, because we considered that their OR values were similar. For consecutive cutoffs of the sum scores, sensitivity, specificity, negative positive predictive values, and likelihood ratio were calculated.
We performed two sensitivity analyses. First, we excluded patients who underwent late tracheostomy and only kept patients requiring intubation 48 h after extubation in the analysis, as defined in the last consensus conference. 3 Second, we excluded patients with postextubation stridor requiring reintubation, which is not specific to this population. Two imputation analyses were performed for patients with missing data. In the first one, we assumed that all of the missing items were not present. In the second one, we assumed that all of the missing items were present. A decision curve analysis was also performed to evaluate the net benefit of extubation decision with the VISAGE score. 16 Continuous data are expressed as mean ± SD or median (25 th to 75 th percentiles) and tested with a t test for parametric or Wilcoxon test for nonparametric data accordingly. Categoric data are expressed as numbers and percentages and tested with chi-square test or Fisher test. The significance level was set at a P ≤ 0.05. Statistical analysis was performed using SAS statistical software (version 9.3, SAS Institute, USA).
Results
Study Cohort
A total of 437 patients were included in the study: 186 TBI (42.6%), 126 SAH (28.8%), 54 intracerebral hemorrhage (12.4%), 22 malignant stroke (5%), and 49 miscellaneous pathologies (11.2%; Supplemental Digital Content 2, flowchart of the study, http://links.lww.com/ALN/B490). The overall population characteristics are shown in table 1. The median GCS before ICU admission was seven (range, 5 to 10). We recorded 99 extubation failures (22.6%). The causes of BI and baseline GCS were not different between the extubation failure group and extubation success group (table 1) . Patients with extubation failure had a higher Simplified Acute Physiologic Score II score and were older than patients with extubation success (table 1) . At the time of extubation, GCS was higher in the extubation success group than in the extubation failure group (11 [10 to 14] (table 2) . Twenty patients (4.6%) displayed accidental extubation. All of these patients underwent successful SBT. Among them, 15 patients (75%) were not reintubated.
Univariate Analysis: Selection of the Potential Factors Associated with Extubation Success
In univariate analysis, the factors associated with extubation success were patient age, Simplified Acute Physiologic Score II, the presence of leak during a cuff-leak test, visual pursuit, absence of hypotonia, motor component of the GCS and total GCS, vomiting episodes, agitation requiring physical contention, patient attempts to rip the endotracheal tube out, and administration of morphine or corticosteroids for postextubation stridor prevention (table 2) . These criteria were kept in the multivariate analysis. Continuous data are expressed as mean ± SD or median (25 th to 75 th percentiles) accordingly and categoric data are expressed as n (%) and tested with the Fisher test. P < 0.2 is considered as statistically significant and tested in the multivariate analysis for the elaboration of the prediction score. *Data were tested with a Wilcoxon test. GCS = Glasgow coma score; ICH = intracerebral hemorrhage; ICU = intensive care unit; NYHA = New York Heart Association; SAH = subarachnoid hemorrhage; SAPS = Simplified Acute Physiologic Score; TBI = traumatic brain injury.
indicated an adequate goodness of fit (P = 0.7703). The model correctly discriminated patients with or without extubation success, with an AUC of 0.75 (95% CI, 0.69 to 0.81; table 3). Internal validation showed optimism in the AUC of 0.02, resulting in a correction of the AUC of 0.73 (95% CI, 0.68 to 0.79).
Elaboration of a Score Predictive of Extubation Success
The VISAGE score based on the four factors identified was constructed as follows: patients under 40 years of age, presence of visual pursuit, swallowing attempts, and GCS greater than 10. The characteristics of the score are provided in table 4. To evaluate the clinical significance of each factor taken separately and their combination, we investigated the rate of extubation success according to the number of factors and total score ( fig. 1 ). The rate of extubation success was 23% in patients with a VISAGE score of zero, 56% with a score of 1, and was significantly higher in patients with a score of 2 or 3 (70 to 90%). A VISAGE score greater or equal to 3 predicted extubation success with a sensitivity of 62%, a specificity of 79%, a positive predictive value of 90%, a negative predictive value of 39%, a positive likelihood ratio of 2.9, and a negative likelihood ratio of 0.5. Neuroleptic, n (%) 34 (10) 7 (7) 0. clinical relevance of different GCS thresholds (Supplemental Digital Content 5, receiver-operator curves for age and GCS, http://links.lww.com/ALN/B493) and we tested our model in patients according to age (40 or older vs. less than 40 yr) and type of BI (TBI and SAH; Supplemental Digital Content 6, exploratory multivariate analysis in patients according to age and type of BI, http://links.lww.com/ALN/B494; Supplemental Digital Content 7, differences between centers and center effect in multivariate analysis, http://links.lww.com/ALN/ B495; Supplemental Digital Content 8, exploratory analysis excluding the verbal component of the GCS, http://links.lww. com/ALN/B496). Although some factors are not significant due to the loss of power, all ORs show the same trends.
Sensitivity Analyses
Decision Curve Analysis
The decision curve analysis of the VISAGE score provides better net benefit than the alternate options (Supplemental Digital Content 9, decision curve analysis, http://links.lww. com/ALN/B497).
Imputation Analysis for Missing Data
Some data among the four items of the VISAGE score were not recorded for 70 patients. First, when at least one datum was missing among the following items: absence of visual pursuit, absence of swallowing attempts, or GCS of 10 or less, we substituted missing data with negative values. With this imputation, the multivariate analysis discriminated patients with or without extubation success with an AUC of 0.72 (range, 0.67 to 0.78). Second, we substituted missing data with positive values, and the multivariate analysis discriminated patients with or without extubation success with an AUC of 0.73 (range, 0.67 to 0.78; Supplemental Digital Content 10, imputation analyses for missing data, http:// links.lww.com/ALN/B498).
Outcomes
The median duration of MV was 12 days (range, 6 to 20 days) and median ICU length of stay was 17 days (range, 10 to 26 days). In univariate analysis, extubation success was associated with less in-ICU mortality, shorter duration of MV, and shorter ICU length of stay (table 5) . Both sensitivity analyses displayed significantly lower morbidity (fewer days of MV and ICU length of stay) and lower in-ICU mortality in the group with extubation success (Supplemental Digital Content 11, morbidity and mortality of patients with extubation success when excluding postextubation stridor and tracheostomy, http://links.lww.com/ALN/B499; Supplemental Digital Content 12, morbidity and mortality in patients with tracheostomy, http://links.lww.com/ ALN/B500; Supplemental Digital Content 13, extubation outcomes in patients with different GCS thresholds, http:// links.lww.com/ALN/B501).
Discussion
This study provides a user-friendly bedside score, the VIS-AGE score, which is associated with extubation success in patients with BI. This simple clinical rule combining four clinical variables could reduce the rate of delayed extubation. It has also been demonstrated that delaying extubation increases the rate of VAP and alters the outcome. 2 These data advocate for the development of new validated clinical rules to secure the process of extubation.
During neurologic recovery, it is very difficult to assess the exact level of consciousness in intubated patients with BI. Coplin et al. 2 suggested that neurologic patients with mild impaired consciousness did not exhibit higher rates of extubation failures. Namen et al. 17 advocated that a GCS of 8 could predict successful extubation in neurosurgical patients. Multivariate analysis of factors associated with extubation success. Age < 40 yr is associated with more extubation success. The presence of visual pursuit, attempts of deglutition, and a Glasgow coma score > 10 are associated with extubation success. P < 0.05. OR = odds ratio. Navalesi et al. 14 randomized neurosurgical patients to test a strategy of early extubation when patients displayed a GSC of 8 or higher associated with audible cough. Altogether, these data reveal that full neurologic recovery is probably not mandatory to perform successful extubation. One critical surrogate marker of consciousness is visual pursuit, which can discriminate a minimally conscious state from vegetative state. 18 Visual pursuit was also demonstrated to be a marker of good prognosis in minimally conscious states. 19, 20 Visual pursuit may be an earlier predictor than GCS for consciousness recovery. Also, due to the difficulty in properly assessing GCS in intubated patients because the verbal component is not available and must be extrapolated, we sought to use another tool for consciousness recovery. The present study shows that the presence of visual pursuit is an independent factor of extubation success in patients with BI. The eye subscale of the GCS was associated with success in univariate analysis but not multivariate analysis. All of the patients with their opened eyes bear the maximum subscale score of 4, independent of their awareness in their environment. Other tests of cortical integration, such as visual pursuit, would enhance clinical examination. This could mainly explain why the eye subscale of the GCS was not associated with success in our cohort. Indeed, previous studies 21, 22 showed discrepancies regarding the level of arousal, that is, the ideal GCS to perform successful extubation. The main advantage of GCS is its widespread use, whereas its major drawback is the quantification of the verbal subscale. Additional studies should compare different scores regarding extubation in neuro-ICUs, which must include visual pursuit, because this parameter has been also pointed out by others. 20 Because of the variability of GCS assessment, we have tested the clinical features of the VISAGE score in the subgroup of patients with a GCS less than 10. Age, visual pursuit, and swallowing attempts remained independent predictors of successful extubation (Supplemental Digital Content 5, http://links. lww.com/ALN/B493).
Impairment of airway reflexes due to neurologic dysfunction is considered to be a major factor for extubation failure in patients with BI. Swallowing dysfunction is common after BI, such as stroke 23 or TBI, 24 and may lead to nosocomial pneumonia. Swallowing dysfunction can be assessed with clinical tests or endoscopic technics, 25 but this evaluation could be challenging in intubated patients. If swallowing attempts in intubated patients cannot guarantee the absence of aspiration, 26 these attempts could also be a marker of early consciousness recovery, and studies have shown that patients with abundant secretions are more likely to have unsuccessful extubation. 27, 28 Our results are in line with these data. We did not monitor all aspects of endotracheal secretions, 2 such as sputum aspects or sputum viscosity. In our study, the quantity of endotracheal secretions assessed by the necessity to perform endotracheal aspirates by the nurses per hour was not related to extubation success. We believe that an important quantity of secretions could have postponed extubation. Also, extubation was performed in the setting of limited endotracheal aspirates, and this may explain that the amount of secretions is not related to the outcome. Another fact explaining why secretions do not alter the outcome in the present results is that the ability of the patient to swallow limits the consequences of aspiration of endotracheal secretions. Cough has been advocated to be helpful in performing successful extubation. 2, 14 We decided to study cough in a binary approach and not to quantify it because of the risk of variability between centers. Second, cough could be irrelevant in the context of adequate swallowing, which could prevent aspiration despite ineffective cough. However, we are aware that this approach remains a subject of hard debate.
Age is the only nonmodifiable risk factor of the VIS-AGE score. Therefore, patients with an age greater than 40 yr should display all other items to have a high probability of extubation success. Age has already been pointed out as a risk factor for extubation failure in several studies. [29] [30] [31] Considering these issues, the attending physician must be very cautious before performing extubation in neuro-ICU patients when age is above 40 yr.
The decision to reintubate in case of extubation failure is complex with neurologic patients. Indeed, the latest guidelines on TBI 8 recommend intubation in the setting of a GCS of 8 or lower after injury. We withheld this threshold to standardize practices between centers, but usually the causes of reintubation are mixed, because neurologic impairment could lead to respiratory failure. The cause of extubation failure was therefore declarative. With growing evidence in the field of ICU regarding postextubation management with noninvasive ventilation and high flow oxygen nasal cannula, it is possible that monitoring extubation failure beyond the usual 48 h threshold is now of primary interest. However, prophylactic noninvasive ventilation was not used during the study period.
Our study has limitations. First, we do not have an external cohort to validate our score. In the setting of a multivariate analysis performed in a single cohort, extrapolating results in other centers is questionable. The validation cohort enables us to perform such extrapolations. Therefore, we cannot ascertain that others would retrieve the same results. Second, the VISAGE score bears low sensitivity, and only 194 patients (57%) with a VISAGE score of 3 to 4 were successfully extubated. A VISAGE score of 1 to 2 could also delay extubation. Our score remains informative, with a value of 3 or 4. The median GCS was similar in both groups, but our threshold seems to bear better clinical relevance (Supplemental Digital Content 4, http://links.lww.com/ ALN/B492). GCS alone cannot be used to predict extubation success, and the use of the overall score is mandatory. Fourth, our extubation failure incidence is in the range of previously published data. 2, 17, 32, 33 We believe that the relatively high incidence of extubation failure is not the consequence of an unsatisfactory weaning protocol but rather highlights the challenging issue of extubation in patients with BI. Fifth, there is little evidence regarding sedation management after BI. Indeed, sedation is usually prolonged with important doses of sedative drugs in neuro-ICU centers, 9 and this could interfere with the extubation process. The onset of late VAP between successful SBT and extubation was not recorded. This aspect was already underlined by Coplin et al., 2 and enhancing successful extubation in this population could drastically decrease the rate of late VAP. Also, we did not record early episodes of VAP, which could alter the outcome. In our study, we did not focus on delay between the first passed SBT and extubation, which was already pointed out by Coplin et al. 2 Gag reflex has been studied previously, 2,21 and we did not evaluate this parameter. Fluid balance has been identified as a marker of success in this subset of patients, 34 but we did not assess this factor in our study. Eventually, we did not monitor long-term outcome. We cannot ascertain that extubation failure bears no consequences on long-term neurologic recovery.
In this work, we provide substantial data for the extubation management of neuro-ICU patients. We found that the rate of extubation success, after passing an SBT, is high in patients with BI with at least three criteria on the VISAGE score: age less than 40 yr, visual pursuit, swallowing, and GCS greater than 10. Our score was not validated on an external cohort, and our results should be evaluated in other centers.
